INTRODUCTION
Natalizumab is a humanized anti-a4 integrin monoclonal antibody approved and marketed in more than 65 countries for the treatment of multiple sclerosis (MS). Clinical trials of natalizumab began in 1995, and its safety and clinical efficacy in the treatment of MS were confirmed in two international phase 3 studies: the AFFIRM study and the SENTINEL study [1] [2] [3] . The AFFIRM study [1] , which was conducted in Europe, North America, Australia, and New Zealand, investigated the safety and efficacy of natalizumab monotherapy compared with placebo in patients with relapsing-remitting MS (RRMS). The study showed that natalizumab monotherapy reduced the risk of 6-month confirmed disability worsening as assessed by the expanded disability status scale (EDSS); the number of new or enlarging hyperintense lesions detected by T2-weighted magnetic resonance imaging (MRI); the annualized relapse rate (ARR) after 1 year; and the number of lesions as detected by gadolinium-enhanced MRI. Adverse events (AEs) included fatigue, allergic reaction, pharyngitis, sinus congestion, and peripheral edema.
To investigate the safety and effectiveness of long-term treatment with natalizumab under actual clinical conditions, an observational study, the Tysabri Observational Program (TOP), is being conducted in 17 countries throughout Europe, North America, and South America [4] . In an interim analysis of the TOP study at 5 years of the total 10-year observational period, ARR and EDSS remained low for 5 years after treatment with natalizumab and no new safety issues were observed. However, progressive multifocal leukoencephalopathy (PML) was reported as a serious adverse event in 18 patients (0.4%) who had been treated with natalizumab for C 2 years [4] .
PML has been identified as a safety issue in treatment with natalizumab [5] [6] [7] [8] . The presence of anti-John Cunningham virus (JCV) antibodies [9] , prior treatment with an immunosuppressant (e.g., mitoxantrone, azathioprine, methotrexate, cyclophosphamide, mycophenolate mofetil), and longer treatment duration, especially beyond 2 years, have been identified as risk factors for PML. Patients with these risk factors, as well as those without a history of immunosuppressant use but with a high anti-JCV antibody index and a history of long-term use of natalizumab, have been reported to be at higher risk [10, 11] . Currently, available evidence suggests that the risk of PML is low at an anti-JCV antibody index B 0.9, whereas it increases substantially at[1.5 for patients who have been treated with natalizumab for longer than 2 years.
Epidemiological studies have suggested that the features of MS vary depending on the genetic background of the patients' ethnicity [12] . The Japanese population is genetically homogeneous and geographically isolated. From that point of view, the phase 2 study of natalizumab that enrolled RRMS patients in Japan showed that natalizumab reduced EDSS and ARR with no safety concerns [13, 14] . Consequently, natalizumab was approved in 2014 with indications for prevention of relapse and suppression of disability worsening in MS patients. However, because there were insufficient efficacy and safety data for Japanese patients, this approval was made on the condition that post-marketing surveillance would be conducted for all patients taking natalizumab to evaluate its effectiveness and safety under real-world clinical conditions. There is currently no publication containing real-world data from a substantial number of Japanese patients. This study includes data from an all-case surveillance that has a large number of cases from the clinical setting. Confirmation of its safety and effectiveness in the early phase promotes the appropriate use of natalizumab. Furthermore, this study shows that Japanese MS is genetically different from that of Western populations; for example, we found that DRB1*0405 is the highest MS risk allele [15, 16] . This study is ongoing. Here, we report the results of an interim analysis of data collected until the data lock point at 1 year and 8 months from the start of surveillance.
METHODS
The present study was conducted by Biogen Japan, Ltd (Tokyo, Japan) in accordance with the Declaration of Helsinki and the Good Post-marketing Study Practice in Japan. The study included all MS patients who had received treatment with natalizumab (Tysabri Ò ) since its launch, using a central registration system. Patients who had participated in the phase 2 extension study of natalizumab were also enrolled in the present study at the time they switched from the preapproval form to the marketed form of the drug. The target number of patients was 400. The registration and study periods were from June 4, 2014 to the completion of 2 years of observation of the last patient to be enrolled. Data as of February 7, 2016 (data lock point) were aggregated and used for analysis. The standard observation period of this study was 2 years, except in cases where the treatment was discontinued. If treatment was discontinued, patients were followed up for 6 months after discontinuation. Data were collected through case report forms recorded by the attending physicians during routine clinical practice visits.
The major investigated items included patient characteristics, relapse rates, changes in EDSS, and the incidence rates of AEs and adverse drug reactions (ADRs). ADRs were defined as AEs for which the causal relationship with natalizumab could not be ruled out. Additionally, the important investigated items for safety were specified as anaphylaxis, PML, infections other than PML, immune reconstitution inflammatory syndrome (IRIS), liver damage, anti-natalizumab antibody production, and JCV antibodies. Table 1 shows the study schedule.
Changes in EDSS over time from baseline were analyzed using the Wilcoxon signed-rank test. Relapse was evaluated by calculating ARR. Changes in ARR with 95% confidence intervals (CI) at each time point from baseline were 
RESULTS

Patients
As of the data lock point (February 7, 2016), a total of 170 Japanese MS patients who received natalizumab were registered. Data were collected from 169 patients after excluding 1 patient who did not take natalizumab. Of them, 106 patients whose data were locked were included in the safety analysis. For the remaining patients, data are expected to be locked after confirmation of data adequacy. A total of 75 patients were included in the effectiveness analysis after excluding 30 patients whose effectiveness data were unlocked and 1 patient whose efficacy data were not collected ( Fig. 1 ).
The safety analysis population included 33 patients from the phase 2 study in Japan who continuously received treatment with natalizumab. Table 2 shows the patient baseline characteristics of the safety analysis population consisting of patients from the phase 2 study (n = 33) and natalizumab-naïve patients (n = 73), as well as all patients. Women accounted for 62.3%; mean age was 39.3 years; mean body weight was 55.3 kg. There was 1 patient with a low body weight\40 kg. Natalizumab was used for the treatment of MS in all 106 patients. The majority of the patients had RRMS (87.7%), and there were no patients with primary progressive MS. Most baseline characteristics were similar between patients from the phase 2 study and natalizumab-naive patients except for the percentage of patients who received prior MS therapy and the number of relapses in the past 1 year. All 106 patients were tested for anti-JCV antibodies, and 66 patients (62.3%) were positive. Of the 99 patients who were tested for anti-aquaporin-4 (AQP4) antibodies, none were found to be positive.
Treatment Exposure
The mean length of treatment exposure in the present study was 6.6 months (for those who had continuously participated in the clinical trials for market approval of natalizumab, only the treatment period of the present study was counted). No patients received treatment for C 18 months (Table 3) . A total of 27 patients (25.5%) discontinued natalizumab ( Table 4) . The reasons for treatment discontinuation were insufficient effect and worsening of MS in six patients (5.7%), AEs in five patients (4.7%), patient request in two patients (1.9%), no hospital visit in one patient (0.9%), and pregnancy in one patient (0.9%). Other reasons (14 patients, 13.2%) included concerns about the risk of PML in ten patients (9.4%). Eleven patients (10.4%) were tested for anti-natalizumab antibodies; three patients (2.8%) were positive for anti-natalizumab antibodies. There was no report of relapse in with patients who were positive for anti-natalizumab antibodies.
Effectiveness
Effectiveness was evaluated via changes in EDSS score and ARR from baseline. The effectiveness analysis population included patients who had continued treatment from the phase 2 extension study; in those patients, EDSS and ARR had improved at the baseline of the present study. Therefore, to evaluate the effectiveness in natalizumab-naïve patients, in addition to the original planned effectiveness analysis of the total population, we performed additional analyses of EDSS and ARR after excluding patients from the phase 2 study. EDSS data were collected from 60 patients. In the total effectiveness analysis population, there was no significant difference in EDSS MS multiple sclerosis, DMT disease-modifying therapy, EDSS expanded disability status scale, SD standard deviation a n = 96 overall; patients from phase 2 study, n = 32; natalizumab-naïve patients, n = 64 b n = 93 overall; patients from phase 2 study, n = 28; natalizumab-naïve patients, n = 65 c MS type was diagnosed by physicians d n = 105 overall; natalizumab-naïve patients, n = 72 e Except for unknown patients (n = 103 overall; patients from the phase 2 study, n = 32; natalizumab-naïve patients, n = 71) f n = 104 overall; patients from the phase 2 study, n = 32; natalizumab-naïve patients, n = 72 Serious between baseline and the last observation (Fig. 2 , p = 0.290). After excluding patients from the phase 2 study (n = 22), the EDSS change between baseline (2.59) and the last observation (2.50) was 0.09 (p = 0.349). The EDSS change in patients from the phase 2 study was 0.07 (2.27 to 2.20, p = 1.000). Improved and worsened EDSS were defined as a decrease of more than 1 and an increase of more than 0.5 from baseline, respectively. The proportions of the cases that were stable, improved, or worsened were 82%, 10%, and 8%, respectively. There were nine patients who had baseline EDSS[5.0; the mean EDSS in these patients at baseline and at the last evaluation was 6.50 and 6.28, respectively. ARR data were collected from 74 patients. In the total effectiveness analysis population, there was a significant improvement in ARR; the ARR of patients at 1 year before treatment and at the end of treatment were 0.59 (95% CI 0.38-0.83) and 0.16 (95% CI 0.09-0.31), respectively (p = 0.001) (Fig. 3) . 21.6% (16/74) of the patients were treated for more than 1 year and the ARR of the group was 0.38 before treatment and 0.06 at the end of treatment (p = 0.092). The ARR of patients from the phase 2 study (n = 26) was 0.23 (95% CI 0.10-0.66) before treatment and 0.14 (95% CI 0.07-0.42) at the end of treatment (p = 0.357). After excluding patients from the phase 2 study (n = 48), ARRs were 0.79 (95% CI 0.50-1.12) and 0.18 (95% CI 0.09-0.38), respectively (p = 0.001). Forty-two patients were on another DMT before registration, and their ARRs before and at the end of treatment were 0.71 (95% CI 0.45-1.07) and 0.14 (95% CI 0.06-0.32), respectively (p = 0.003).
Safety
Of the 106 patients included in the safety analysis, ADRs were observed in 12 patients (11.3%), of whom four patients (3.8%) had serious ADRs (Table 5) . Major ADRs included hepatic function abnormal and pyrexia, and no new ADRs were noted. Major serious ADRs were MS relapse, neurosis, and suicide attempt. No patient had PML during the observation period. ADRs that caused treatment interruption or Table 4 continued Natalizumab was administered on only one occasion discontinuation were observed in seven patients (nine events), including two events of MS relapse and one event each of eczema, tremor, suicide attempt, chills, resting tremor, back pain, and pruritus generalised. One patient required a reduced dose of natalizumab because of a non-serious ADR: hepatic function abnormal. After discontinuation of natalizumab, there were relapses (seven relapses in six patients out of 28 patients) within 6 months from discontinuation (Table 4 ). The length of treatment exposure of four patients was less than 1.5 months.
DISCUSSION
This is the first report of the enrollment of a large number of patients to evaluate the safety and effectiveness of natalizumab in a real-world clinical practice setting in Japan. This report is based on the results of an interim analysis at 1 year and 8 months of the all-case post-marketing surveillance with a 2-year standard observation period. Regarding effectiveness, there was no worsening in the EDSS, and ARR significantly decreased. The safety profiles were consistent with those reported previously. In the present study, there were no significant changes in mean EDSS from baseline throughout the observation period, which indicated sustained suppression of disease worsening. There was a statistically significant reduction in ARR from 0.59 to 0.16, and 86.5% of patients had no relapse. Moreover, in the natalizumab-naïve patients (i.e., the population remaining after excluding patients from the phase 2 study), the reduction in ARR from 0.79 to 0.18 was greater than that seen in the total effectiveness population, and 85.4% of patients had no relapse. In previous reports, the mean ARR at 1 year after treatment with natalizumab ranged between 0.27 and 0.38, and the proportion of patients with no relapse was 72-80%; thus, the endpoints concerning ARR in the present study were similar to those reported previously [1, 3] . In total, 33 patients from the phase 2 study and the extension study [13, 14] were enrolled in the present surveillance. Among these patients, the ARRs of patients at 1 year before treatment and at the end of treatment were 0.23 and 0.14, respectively. Even after 2 years of treatment extension, ARR was reduced by 47.8%. This result shows the long-term effectiveness of natalizumab.
In the major phase 3 studies of natalizumab [1, 3] , patients with baseline EDSS[5.0 were excluded. However, the effectiveness population of the present study included nine patients (15.3%) with baseline EDSS[5.0. The ongoing TOP observational study also included patients with high EDSS; in its interim report, 29% of the patients had EDSS of 4.5-9.5, showing that natalizumab is being used in patients covering the full spectrum of disability in real-world clinical practice [4] . The present study showed that EDSS in patients with baseline EDSS[5.0 decreased with natalizumab, but not significantly. However, as there were only a small number of patients with high EDSS in the present study, including three with secondary progressive MS, interpretation is difficult. We plan to report the safety and effectiveness results for those patients with high EDSS by conducting stratified analysis when sufficient data from a certain number of patients have been accumulated.
The ratios of neuromyelitis optica (NMO)/ NMO spectrum disorder (NMOSD) to MS are MS multiple sclerosis a We received additional information that was unlocked as of February 7, as follows: completed suicide (outcome: death)
higher in Asia than in Western countries, indicating that differentiating between NMO/ NMOSD and MS is a major challenge in Asia. The detection of the AQP4 antibody is crucial for differentiating NMO/NMOSD from MS and promptly initiating immunosuppressive therapy for NMO/NMOSD [17] . There was no patient in whom anti-AQP4 antibodies were detected in this study. Although the detection of the AQP4 antibody has facilitated early distinction between NMO/NMOSD and MS, up to 40% of patients with NMO/NMOSD remain seronegative for the AQP4 antibody. Recently, autoantibodies against myelin oligodendrocyte glycoprotein (MOG) were reported in the sera of adult patients with the NMO/NMOSD phenotype [18] . A previous study showed that natalizumab was not beneficial for NMO/NMOSD, and that it may even exacerbate the disease during or shortly after therapy [19] . In this study, Japanese physicians seemed to have reached the differential diagnosis correctly. However, to achieve a more accurate differential diagnosis, additional assessment may be required for patients who do not respond to natalizumab. In the AFFIRM and SENTINEL studies, 4% and 1.9% of patients in the natalizumab-treated groups experienced hypersensitivity reactions, respectively. In previous clinical trials, most of the hypersensitivity reactions occurred on the second infusion, and most patients with a hypersensitivity reaction (68%) had persistent (one positive test, the result of which was reproducible on retesting at least 6 weeks later) antibodies to natalizumab. The incidence of persistent anti-natalizumab antibodies was 6% in the entire treatment cohort [20] . In the present study, there were three patients (2.8%) who were positive for anti-natalizumab antibodies and they were detected on the second infusion. Patients with anti-natalizumab antibodies experienced hypersensitivity reactions and then discontinued natalizumab immediately. The persistence of antibodies in those patients was not examined. Two out of three patients had ADRs including pruritus generalised. In the present study, the discontinuation rate was 25.5%, which seemed higher than that in a report of the 5-year interim results of the large observational TOP study (25.3%) [4] . Among the various reasons for discontinuation, concern about the risk of PML was much higher among Japanese neurologists while the other reasons were comparable, suggesting that Japanese physicians may be more careful about the risk of PML. This apparent trend needs to be verified over longer observational periods. On the other hand, there is concern about rebound or reactivation of disease activity after natalizumab discontinuation. Regarding this matter, there have been several studies that have examined whether rebound or reactivation occurs after discontinuation, but their findings are controversial [21, 22] . In the present study, 6 out of 28 patients who discontinued natalizumab had a relapse after discontinuation; however, four of those six patients had discontinued natalizumab after less than 1.5 months of treatment. In addition, information on disease activity obtained by MRI after natalizumab discontinuation is limited in the present study, since MRI imaging data were not collected. In the present study, no ADRs that raised safety concerns were observed. No patient experienced PML during the present study period. However, after the data lock point of the present study, one patient who had experienced PML after natalizumab treatment was reported in September 2016 in Japan. Although there was no occurrence of PML during the present study period, none of the patients had received the treatment for C 18 months, and the majority (84.9%) of the patients received the treatment for\1 year. However, there were some patients who continued from the phase 2 study and were exposed to natalizumab for [2 years. Continuous, close attention to the risk of PML is required. Currently, identified risk factors for PML associated with natalizumab include anti-JCV antibody seropositivity, a history of immunosuppressant use, and treatment with natalizumab for C 2 years [11] . Moreover, in patients without prior immunosuppressant exposure, the risk of developing PML increases with the antibody index [23] . Anti-JCV antibody-positive MS patients were reported to comprise 56% of all patients at baseline in the observational study STRATIFY-1 in the USA [9] , between 47% and 68% in the European cohort study [24] , and 63% in Japanese phase 2 study [13] , which are consistent with the results of the present study (62.3%).
STUDY LIMITATIONS
The surveillance was designed to represent a real-world clinical setting; consequently, patients were not blinded to treatment and no placebo comparison was used. Since this was the first interim report of the surveillance, there were relatively few patients and the duration of exposure was relatively short.
CONCLUSIONS
As a result of the interim analysis at 20 months of the 2-year post-marketing surveillance period, the effects of natalizumab on controlling EDSS progression and preventing MS relapse were confirmed under real-world clinical conditions in Japan. The safety profile was similar to that reported previously. The all-case post-marketing surveillance, which was a condition of approval, is still ongoing, and we consider that the results of the present interim report contribute to the proper use of natalizumab in accordance with the package insert. a link to the Creative Commons license, and indicate if changes were made.
